Abstract: A porphyritic granite intrusion was recently discovered in the Zhuanzhilian section of the Dongping gold deposit. There is as many as one tonnage of Au in the fractured shear zone within the porphyritic granite intrusion, but no relevant reports concerning the origin and age of the intrusion has been published as yet. In this paper, zircon U-Pb dating is used to study the geochronology of porphyritic granite, in order to find out the evidence of age and the relationship with gold mineralization. There are two groups of zircon 207 Pb/ 235 U-206 Pb/ 238 U concordant ages of porphyritic granites: The concordant age of 373.0 ± 3.5 Ma, with the weighted mean age of 373.0 ± 6.4 Ma; and the concordant age of 142.02 ± 1.2 Ma with the weighted mean age of 142.06 ± 0.84 Ma. We believe that the first group might represent the age of residual zircon of alkaline complex, while the second group might be related with main gold mineralization. The obtained results of the petrography and electron probe analysis indicate that the porphyritic quartz and porphyritic granite, as well as gold mineralization, might be products of a late replacement of tectonic-hydrothermal fluid, which was rich in Si, Na and K originally and later yielded gold-forming fluids.
Introduction
The gold deposits associated with alkaline rocks worldwide are widely distributed and have important economic value. Representative deposits include the US Cripple Crick Gold-Strontium Deposit and Bingham Copper-Gold Deposit; Papua New Guinea Pogel Gold deposits and Radom gold deposits; Glasgow copper-gold deposits in Indonesia and Batu-Haijiao copper-gold deposits; Katia copper-gold deposits in Australia and Skurian copper-gold deposits in Greece. In addition, the Enpaor large gold deposit in Fiji, the large copper-gold deposit in Ollumbrila, Argentina, and the Saskin-Uranium deposit in Canada are also considered to be products of alkaline magma activity [1, 2] . The alkaline magmatism and related fluid activities of such deposits are the "carrier" of many large and extra-large gold deposits. For example, the ore-forming rock body of the Kadia Ridgeway Figure 1 . Simplified geological map of Shuiquangou alkaline complex in Zhangjiakou area, Hebei Province (modified after Li et al. [5] ; Song et al. [7] ). (1) Quaternary; (2) Yanshanian intermediate-acidic volcaniclastic rocks; (3) Neoproterozoic and Mesoproterozoic cover rocks; (4) Paleo Proterozoic Hongqiyingzi Group; (5) Archean Chongli Group; (6) Shuiquan potassium granite; (7) Honghualiang biotite granite; (8) adamellite; (9) porphyritic granite; (10) Shuiquangou alkaline complex; (11) Hot spring giant porphyritic granite; (12) Ultramafic rocks; (13) Achaean granite gneiss; (14) faults; (15) gold deposits.
In recent years, a porphyritic granite intrusion was discovered in the Zhuanzhilian area of the Dongping Gold deposit during the peripheral exploration. Gold mineralization is intensive within the shear zone of the porphyritic granite intrusion, and Au reserves are estimated to be more than one tonnage; but no relevant research on porphyritic granite was done as yet. The age of gold mineralization in the porphyritic granite and the relations between porphyritic granite and gold mineralization are still questions. Therefore, the age of gold mineralization in porphyritic granite is needed to be clarified. And also, the natures of metasomatic fluids and their relations with porphyritic granite and gold mineralization are significant for further study of ore genesis and regional exploration. In recent years, a porphyritic granite intrusion was discovered in the Zhuanzhilian area of the Dongping Gold deposit during the peripheral exploration. Gold mineralization is intensive within the shear zone of the porphyritic granite intrusion, and Au reserves are estimated to be more than one tonnage; but no relevant research on porphyritic granite was done as yet. The age of gold mineralization in the porphyritic granite and the relations between porphyritic granite and gold mineralization are still questions. Therefore, the age of gold mineralization in porphyritic granite is needed to be clarified. And also, the natures of metasomatic fluids and their relations with porphyritic granite and gold mineralization are significant for further study of ore genesis and regional exploration.
Geological Background
The Dongping Gold deposit, located 12 km south to the downtown Chongli of northern Hebei Province, is tectonically in the middle part of the northern margin of the North China Craton (NCC), and at south of Shangyi-Chicheng-Damiao E-W trending deep faults (Figure 1 ). In the northern block of the fault, the main strata are Paleo-Proterozoic Hongqiyingzi group which is dominated by chlorite-quartz schist and biotitic granulite. While in the southern block, the strata are composed of Archean Chongli Group mainly comprising dihedral granulite and hornblende gneiss, and Neoproterozoic and Mesoproterozoic sedimentary cover rocks, and Mesozoic volcanoclastic rocks (Figure 1 ). The Chongli group has been affected by regional metamorphism and migmatization. There are three major NWW trending faults in the area, which are secondary faults of Chongli-Chicheng deep fault. They control the distribution of Shuiquangou alkaline complexes as well as Dongping and Hougou gold deposits. Shao et al. [13] suggested that the relatively open structure was formed in Zhangxuan area at 140 Ma or so.
The outcrop strata in the Dongping deposit are mainly the Archean Chongli amphibolite to the granulite facies metamorphic rocks [7] . The deposit is controlled by E-W striking fault and S-N trending fault which are the associated faults of the E-W striking Shangyi-Chongli-Chicheng deep fault. The ore bodies mainly occur at the junction of these two faults within Hercynian Shuiquangou alkaline complex [14] . As for the age of alkaline rock, Luo et al. [4] measured the SHRIMP zircon U-Pb age of 390 ± 6 Ma for the alkaline complex in Dongping gold deposit, and 386 ± 6 Ma for Shuiquangou syenite in Hougou gold deposit. The U-Pb average age of residual magmatic zircon in the deep potassic alteration rock vein of No. 70 is 382.8 ± 3.3 Ma from Li et al. [9] , and that of magmatic zircon in K-feldspar-quartz vein of No. 1 is 380.5 ± 2.6 Ma from Li et al. [5] . The Shuiquangou alkaline complex is mainly divided into three parts: The west, the middle, and the east, with an area of about 350 km 2 . The western rock section is dominated by the combination of angular syenite. The main rocks are characterized by medium-coarse grain granitic texture, porphyritic texture, massive structure with grain size of 5~15 mm; content of quartz is <3% generally, local up to 8%, K-feldspar accounts for about 50%, plagioclase (albite, oligoclase) accounts for about 20%; dark mineral content is 15~20%, mainly for hornblende and diopside. The middle section of the alkaline complex is dominated by a combination of aegirine-augite syenite. The main rocks are characterized by medium-fine grain granitic texture, massive structure with grain size of 1.5~2 mm, quartz content of 3~10%, K-feldspar (microcline, orthoclase) of 70% to 85%, plagioclase (albite, oligoclase) of 5 to 15%; generally dark minerals account for 5% to 10%, mainly diopside, aegirite, augite, etc. The eastern section of the alkaline complex is dominated by a combination of melanite syenite. The main rocks are characterized by medium-fine grain granitic texture and massive structure with grain size of 1.5~2 mm; quartz content is more than 5%, and K-feldspar accounts for 70-90%, plagioclase accounts for about 5% to 10%; generally dark minerals are 3% to 5%, mainly melanite, diopside, etc.; crushing structure and brittle-ductile shear deformation is common, accompanied by a strong metasomatism [15] .
Secondly, there are Yanshanian potassium granites and middle-acidic vein. The age of the zircon LA-ICP-MS U-Pb dating for the volcanic rock of the Zhangjiakou Formation in the Zhangjiakou area is 143.0 ± 3.7 to 136.1 ± 1.4 Ma from Wei et al. [16] . A potash feldspar granite intrusion, namely Shangshuiquan orthoclase granite occurs in the south-eastern part of the mining area, which intruded along the contact zone between the Archean metamorphic rocks, and the Hercynian alkaline complex in the form of small stock. Recently, Shangshuiquan orthoclase granite intrusion has extended to Zhuanzhilian area closely related to the Dongping gold deposit, and has an exposed area of about 8 km 2 and LA-ICP-MS zircon U-Pb age of 142.9 ± 0.8 Ma from Jiang et al. [11] . Mo et al. [10] obtained a zircon U-Pb age of 135.5 ± 0.4 Ma for the single-particle zircon of Shangshuiquan potassium granite. Jiang et al. [17] obtained LA-ICP-MS zircon U-Pb ages of 142.9 ± 0.8 Ma, which are close to the age (140 ± 1.4 Ma) of Dongping gold deposit alteration rock. The dykes are widely distributed in this area, including granite porphyry, monzonite porphyry, quartz syenite porphyry, and hornblende syenite porphyry. The dark gray diorite in the eastern part of the Shuiquangou alkaline complex has an exposed area of about 1 km 2 , and the zircon SHRIMP U-Pb age is 139.5 ± 0.9 Ma [18] , which is close to the metallogenic age of 140.3 ± 1.4 Ma in the Dongping gold deposit. It is closely related to the formation of the Dongping gold deposit. In summary, the tectonic-hydrothermal fluids caused by the Mesozoic magmatism activities may be the main factor for the gold mineralization.
The mineralization types include potassic altered rock and quartz vein, and the ore belt strikes NNE. The ore is dominated by gold-bearing silica-potassic altered rocks, followed by gold-quartz veins. The ore minerals in the ore are mainly pyrite, pyrrhotite, chalcopyrite, galena, stibnite, sphalerite, native gold and calaverite, and gangue minerals are quartz, K-feldspar, plagioclase, and sericite.
Characteristics of Porphyritic Granite

Occurrence
A porphyritic granite intrusion was discovered recently in the Zhuanzhilian area of the Dongping gold deposit, which occur as ribbon zone striking NEE-SWW with a width of 15-50 m within the Shuiquangou alkaline complex (Figure 2 ). The porphyritic granite is controlled by the NEE-SWW striking shear zone and intrude into the monzonite of the alkaline rock along the NEE-SWW striking shear zone. Silicification and potassiumization are relatively developed in the shear zone. An outcrop on the surface can be seen ( Figure 3C ). Exploratory drilling found that gold grades of altered rocks near shear zone in porphyritic granite can be up to 5.96 g/t, and generally reached 0.8~0.5 g/t, suggesting that there is a close relationship between gold mineralization and shear zones in porphyritic granite. age is 139.5 ± 0.9 Ma [18] , which is close to the metallogenic age of 140.3 ± 1.4 Ma in the Dongping gold deposit. It is closely related to the formation of the Dongping gold deposit. In summary, the tectonic-hydrothermal fluids caused by the Mesozoic magmatism activities may be the main factor for the gold mineralization. The mineralization types include potassic altered rock and quartz vein, and the ore belt strikes NNE. The ore is dominated by gold-bearing silica-potassic altered rocks, followed by gold-quartz veins. The ore minerals in the ore are mainly pyrite, pyrrhotite, chalcopyrite, galena, stibnite, sphalerite, native gold and calaverite, and gangue minerals are quartz, K-feldspar, plagioclase, and sericite.
Characteristics of Porphyritic Granite
Occurrence
A porphyritic granite intrusion was discovered recently in the Zhuanzhilian area of the Dongping gold deposit, which occur as ribbon zone striking NEE-SWW with a width of 15-50 m within the Shuiquangou alkaline complex (Figure 2 ). The porphyritic granite is controlled by the NEE-SWW striking shear zone and intrude into the monzonite of the alkaline rock along the NEE-SWW striking shear zone. Silicification and potassiumization are relatively developed in the shear zone. An outcrop on the surface can be seen ( Figure 3C ). Exploratory drilling found that gold grades of altered rocks near shear zone in porphyritic granite can be up to 5.96 g/t, and generally reached 0.8~0.5 g/t, suggesting that there is a close relationship between gold mineralization and shear zones in porphyritic granite. 
Petrography
The petrological characteristics of porphyritic granite are: Plagioclase (~20%), K-feldspar (~55%), and quartz (~25%). Plagioclase is mainly albite and occurs as fine aggregate (0.05~0.1 mm) ( Figure 4C ,D). The K-feldspar seems dirty on the surface in thin section, and garnet can be seen between some grains of the K-feldspar. Quartz occurs mainly as phenocrysts or aggregates with sizes ranging from 0.5 to 10 mm. Its characteristics indicate that it is not truly phenocryst. We prefer to call them porphyritic quartz. Lenticular quartz grains with directional distribution can be seen in the fragmented porphyritic granite ( Figure 4B ). A single porphyritic quartz is composed of one or several quartz crystals surrounded by fine recrystallized quartz ( Figure 4A ). Tiny feldspar crystals and more fluid inclusions can be seen as inclusions along the growth zone or within the fracture of porphyritic quartz ( Figure 4E ), including liquid-vapor two-phase aqueous inclusions and, CO2-H2O inclusions ( Figure 4F ). Electron probe analysis on feldspar inclusions within porphyritic quartz was carried out by Xu et al. [19] . The results show two types of feldspar: One is identified as K-feldspar, and the other is identified as albite (Table 1) . Albite and K-feldspar typically occur as stripe feldspar in one inclusion. 
The petrological characteristics of porphyritic granite are: Plagioclase (~20%), K-feldspar (~55%), and quartz (~25%). Plagioclase is mainly albite and occurs as fine aggregate (0.05~0.1 mm) ( Figure 4C ,D). The K-feldspar seems dirty on the surface in thin section, and garnet can be seen between some grains of the K-feldspar. Quartz occurs mainly as phenocrysts or aggregates with sizes ranging from 0.5 to 10 mm. Its characteristics indicate that it is not truly phenocryst. We prefer to call them porphyritic quartz. Lenticular quartz grains with directional distribution can be seen in the fragmented porphyritic granite ( Figure 4B ). A single porphyritic quartz is composed of one or several quartz crystals surrounded by fine recrystallized quartz ( Figure 4A ). Tiny feldspar crystals and more fluid inclusions can be seen as inclusions along the growth zone or within the fracture of porphyritic quartz ( Figure 4E ), including liquid-vapor two-phase aqueous inclusions and, CO 2 -H 2 O inclusions ( Figure 4F ). Electron probe analysis on feldspar inclusions within porphyritic quartz was carried out by Xu et al. [19] . The results show two types of feldspar: One is identified as K-feldspar, and the other is identified as albite (Table 1) . Albite and K-feldspar typically occur as stripe feldspar in one inclusion. 
Zircon Dating
Analytical Method
Zircon particles were separated from samples of porphyritic granite using heavy liquid and magnetic techniques, and then by handpicking under a binocular microscope, at the Hebei Institute of Geological and Mineral Survey (Langfang, China), and targets was made according to Yuan et al. [20, 21] . The selected zircon particles are then adhered to a double-sided tape, fixed with an epoxy resin and a curing agent amine, and ground until the zircon particles are maximally polished. To analyze their internal structures, cathodeluminescence (CL) images were obtained at Beijing Zircon Leading Technology Co., Ltd. (Beijing, China). Distinct domains within the zircon were selected for analysis, based on the CL images.
LA-ICP-MS zircon U-Pb dating of sample D35 was performed using an Agilent 7500a ICP-MS (Agilent, Santa Clara, CA, USA) equipped with a 193 nm laser, housed in the Beijing Zircon Leading Technology Co., Ltd. The room temperature was 20 • C and the relative humidity was 30%. NIST610 [22] . A reference material of synthetic silicate glass developed by American National Institute of Standards and Technology, and was used as an external standard material. Si was used as an internal standard element during elemental content analysis. During the test, the selected zircon test area was ablated using a laser beam with helium as a carrier, with a spot diameter of 30 µm and a frequency of 10 Hz. The sampling method is single point erosion, and the data acquisition needs 100s, of which the background measurement time is 40s and the signal measurement time is 60s. A zircon 91500 and a NIST 610 were measured at each of five sample sites. The ablated sample was transported to the ICP-MS using helium as a carrier, mixed with argon gas in a 30 cm 3 mixing chamber, and then ionized in a plasma, next, used the mass spectrometer to measure the isotope ratio of the ionized material, then calculated the content of the relevant element and the isotopic age of the measured mineral based on the measured results of the isotope ratio and the corresponding standard mineral. Isotope ratio data processing was performed using GLITTER (ver 4.0, Maequarie University, Sydney, Australia) software. The software in Andersen [23] was used to perform common lead corrections on test data. Age calculation and mapping were performed using ISOPLOT (ver 3.70) software [24] .
Zircon Characteristics
The porphyritic granite sample D35 was used for zircon U-Pb dating. In this study, a total of 245 zircon were selected, with a grain size of 20-150 µm, and 30 sets of zircon data were obtained. Most zircon are subhedral on CL images with irregular contours and are characterized by hydrothermal alteration (Figures 5 and 6 ). Some zircon have a localized oscillating ring zone ( Figure 5A ,B and Figure 6A-C) , showing magmatic zircon characteristics, which are residual of magmatic zircon. Some zircon are dark black ( Figure 6D ) (without cathodoluminescence), sheared ( Figure 6E,F) or broken into sub-grains ( Figure 6E,F) , or filled in the edges ( Figure 5B ,D and Figure 6F ) or cracks ( Figure 5G,H) of the euhedral magmatic zircon as an irregular gulf-like shape with a rough surface ( Figure 5C ). This irregular zircon is obviously transformed by shearing and hydrothermal metasomatism, which are defined as the new hydrothermal zircon. Most zircon retain both the residual of magmatic zircon and the characteristics of hydrothermal zircon. 
Results
The typical results of the obtained zircon 206 Pb/ 238 U, 207 Pb/ 235 U, and 207 Pb/ 206 Pb values and the results of ordinary lead corrected age are shown in Table 2 . Most of these measurement points are distributed on or near the U-Pb age concordant curve (Figure 7) , showing good concordance. Data of zircon grains from porphyritic granite sample D35 yielded 2 groups of concordant ages at 142.02 ± 1.2 Ma (MSWD = 1.5), and 373.0 ± 3.5 Ma (MSWD = 1.5). The corresponding weighted average ages are 142.06 ± 0.84 Ma (MSWD = 1.13), and 373.0 ± 6.4 Ma (MSWD = 3.3). In general, zircon is geochemically stable by-product mineral. However, the hydrothermal fluids can replace and transform zircon to varying degrees along fractures and lattice defects within the zircon ( Figures  5C,D,I and 6A,F). As a result, wider alteration can occur at the edge or fissure of the zircon, resulting in the replacement of the zircon U-Pb system, and the formation of new hydrothermal zircon [25] . In spite of this, due to the stability of zircon itself, some zircon can keep the U-Pb system closed, and the U-Pb dating of zircon can still reflect geological age of primary zircon [4, 5, [26] [27] [28] . In the above two groups of ages, there are 8 measuring points with the old age, and there are obvious magmatic oscillation zone and bright CL images, belonging to the magmatic residual zircon [26, [28] [29] [30] [31] . This age represents the geological age of the magmatic zircon whose U-Pb system remained unreplaced, that is the age of primary magmatic zircon, which might be the age of residual zircon of Shuiquangou alkaline complex. The young zircon grains have a total of 19 sites with obvious metasomatic structures ( Figures 5C,D,I and 6A,F). Some grains of zircon were even converted to complete hydrothermal zircon grains ( Figure 6D ), which records the age of hydrothermal metasomatism, suggesting that the porphyritic granite suffered metasomatism of later hydrothermal fluid at 142.02 ± 1.2 Ma.
The rare earth element (REE) composition of magmatic and hydrothermal zircons from the porphyritic granites in Dongping Gold deposit are shown in Table 3 . Hydrothermal zircon has a significantly higher REE content (Table 3) . Magmatic zircon and hydrothermal zircon have distinct characteristics of rare earth patterns (Figure 8 ). Magma zircon increases rapidly from Pr to Lu. The hydrothermal zircon is relatively gentle from Pr to Lu. This is consistent with typical magmatic zircon and hydrothermal zircon features. 
The typical results of the obtained zircon 206 Pb/ 238 U, 207 Pb/ 235 U, and 207 Pb/ 206 Pb values and the results of ordinary lead corrected age are shown in Table 2 . Most of these measurement points are distributed on or near the U-Pb age concordant curve (Figure 7) , showing good concordance. Data of zircon grains from porphyritic granite sample D35 yielded 2 groups of concordant ages at 142.02 ± 1.2 Ma (MSWD = 1.5), and 373.0 ± 3.5 Ma (MSWD = 1.5). The corresponding weighted average ages are 142.06 ± 0.84 Ma (MSWD = 1.13), and 373.0 ± 6.4 Ma (MSWD = 3.3). In general, zircon is geochemically stable by-product mineral. However, the hydrothermal fluids can replace and transform zircon to varying degrees along fractures and lattice defects within the zircon ( Figure 5C ,D,I and Figure 6A,F) . As a result, wider alteration can occur at the edge or fissure of the zircon, resulting in the replacement of the zircon U-Pb system, and the formation of new hydrothermal zircon [25] . In spite of this, due to the stability of zircon itself, some zircon can keep the U-Pb system closed, and the U-Pb dating of zircon can still reflect geological age of primary zircon [4, 5, [26] [27] [28] . In the above two groups of ages, there are 8 measuring points with the old age, and there are obvious magmatic oscillation zone and bright CL images, belonging to the magmatic residual zircon [26, [28] [29] [30] [31] . This age represents the geological age of the magmatic zircon whose U-Pb system remained unreplaced, that is the age of primary magmatic zircon, which might be the age of residual zircon of Shuiquangou alkaline complex. The young zircon grains have a total of 19 sites with obvious metasomatic structures ( Figure 5C ,D,I and Figure 6A,F) . Some grains of zircon were even converted to complete hydrothermal zircon grains ( Figure 6D) , which records the age of hydrothermal metasomatism, suggesting that the porphyritic granite suffered metasomatism of later hydrothermal fluid at 142.02 ± 1.2 Ma.
The rare earth element (REE) composition of magmatic and hydrothermal zircons from the porphyritic granites in Dongping Gold deposit are shown in Table 3 . Hydrothermal zircon has a significantly higher REE content (Table 3) . Magmatic zircon and hydrothermal zircon have distinct characteristics of rare earth patterns (Figure 8 ). Magma zircon increases rapidly from Pr to Lu.
The hydrothermal zircon is relatively gentle from Pr to Lu. This is consistent with typical magmatic zircon and hydrothermal zircon features. The porphyritic granite intrudes into the monzonite of the alkaline rock along the NEE-SWW shear zone. The main elements of porphyritic granite and monzonite are shown in Table 4 . Both porphyritic granite and monzonite have the characteristics of alkali-rich and high-potassium. However, the SiO2 content of the porphyritic granite is significantly higher than that of the monzonite (Table 4 ). The porphyritic granite intrudes into the monzonite of the alkaline rock along the NEE-SWW shear zone. The main elements of porphyritic granite and monzonite are shown in Table 4 . Both porphyritic granite and monzonite have the characteristics of alkali-rich and high-potassium. However, the SiO2 content of the porphyritic granite is significantly higher than that of the monzonite (Table 4 ). The porphyritic granite intrudes into the monzonite of the alkaline rock along the NEE-SWW shear zone. The main elements of porphyritic granite and monzonite are shown in Table 4 . Both porphyritic granite and monzonite have the characteristics of alkali-rich and high-potassium. However, the SiO 2 content of the porphyritic granite is significantly higher than that of the monzonite (Table 4) . Table 3 . REE composition of magmatic and hydrothermal zircons from the porphyritic granites in Dongping gold deposit.
No. D35-1-05 D35-1-06 D35-1-11 D35-1-19 D35-1-25 D35-1-28 D35-1-38 D35-1-41 D35-1-53 D35-1-54 D35-1-14 D35-1-16 D35-1-27 D35-1-30 D35-1 140 ± 2 140 ± 1 141 ± 2 140 ± 2 141 ± 1 140 ± 1 142 ± 2 142 ± 2 142 ± 1 142 ± 2 381 ± 4 369 ± 5 369 ± 5 364 ± 4 380 ± 4 
Discussion
Diagenetic Age and Metallogenetic Age of Porphyritic Granite
The gold-bearing porphyritic granite occurs along a NEE-SWW-striking zone with a width of 15-50 m within the Shuiquangou alkaline complex. That is, the mineralized porphyritic granite is controlled by the NEE-SWW shear zone with strong potassium enrichment and silicification. So, the age of porphyritic granite should not be much earlier than 140 Ma according to the age of the relatively open structure [13] . Therefore, the age of 373 ± 3.5 Ma may be for residual zircon of Shuiquangou alkaline complex.
In this paper, although the zircon with an average age of 373.0 ± 3.5 Ma was later replaced by hydrothermal fluids, most of the zircon showed hydrothermal zircon characteristics. However, some zircon may still retain magmatic zircon features. Therefore, it was considered that the residual zircon in the alkaline rock was trapped during emplacement of the porphyritic granite into NE-SW shear zone.
Wei et al. [16] believed that the volcanic activity of the middle-acid volcanic rocks in the Zhangjiakou Formation may provide important heat sources and ore-forming fluids for the Dongping gold deposit. The previous paper introduced there were many medium-acid rock bodies in this area at 140 Ma or so. These rock bodies can provide important heat sources and ore-forming fluids for the Dongping gold deposit. Li et al. [9] selected zircon from the potassium altered rock in the deep vein of No. 70, obtained the zircon age at the Dongping gold deposit as 140.3 ± 1.4 Ma which is the gold metallogenic age. These high-precision isotopic age results are all Early Cretaceous. Over the past decade, there have been many reports of the discovery of the hydrothermal zircon and hydrothermal zircon U-Pb dating in gold deposits [29, 32] . Studies have shown that zircon can grow and crystallize directly from medium-low-temperature hydrothermal fluids [33, 34] . Dubinska et al. [34] suggested that the zircon grains included two types of primary fluid inclusions containing either liquid CO 2 or aqueous solutions which were used to assign the P-T conditions of the zircon formation (270-300 • C, ca. 1 kbar). The formation temperature and pressure conditions of these hydrothermal zircon are very similar to that of gold-bearing veins. Therefore, the age of gold deposits can be determined by using the hydrothermal zircon U-Pb dating in gold-bearing altered rocks. The hydrothermal zircon age in this study is 142.02 ± 1.2 Ma, which is almost consistent with the mineralization age of 140.3 ± 1.4 Ma obtained by Li et al. [5, 9] . It is also consistent with Yanshanian mineralization explosion in the eastern China [35] and the view that there are three major metallogenic stages 200-160, 140 and 120 Ma in the Mesozoic in northern China [36] . According to the above age data, the age of gold mineralization occurred in the porphyritic granite may be 142.02 ± 1.2 Ma.
Hydrothermal Metasomatism and Gold Mineralization
In the presence of fluids, medium-low metamorphism can also cause changes in zircon structure, composition and age, and the effect of hydrothermal fluids on the zircon U-Pb systems clearly far exceeds the extent of metamorphism [5, 28] . The defects formed by radioactive damage inside the zircon provide channels for the hydrothermal reforming. The hydrothermal fluids replace the zircon along the edge of the zircon crystal, cracks or lattice defects, resulting in the destruction of the U-Pb system and forming a complex zircon internal structure. Hydrothermal alteration, especially the hydrothermal action associated with ductile shear, has an important influence on the zircon U-Pb system [37] .
The relatively open extensional structure was formed in the Zhangxuan area at 140 Ma or so, where underwent under plating with granulite facies metamorphism at Mesozoic [13] . The gold deposits in the Dongping area are mainly subjected to ductile shearing. Under the conditions of hydrothermal alteration, the zircon grains in the porphyritic granite may be modified. The characteristics and age of zircon in the porphyritic granite show that the formation of porphyritic quartz in porphyritic granites is related to the alteration and metasomatism of late hydrothermal fluids. Generally, chondrite-normalized REE patterns of magmatic zircon maintains a strong Ce anomaly, and the Ce anomaly of hydrothermal zircon is weak [5] . However, both types of zircon have strong Ce anomalies in Figure 8 . This may be the fact that some magmatic zircon are not completely replaced by hydrothermal fluids and still retain the residual characteristics of magmatic zircon. Single porphyritic quartz aggregates are composed of one or several quartz crystals surrounded by fine recrystallized quartz, indicating that porphyritic quartz were subjected by later Si-rich hydrothermal fluids. The phenomenon of fine albite grains surrounding and tiny albite veins cutting the porphyritic quartz are also explained as metasomatism of late hydrothermal fluids. However, tiny albite and potassium feldspar occurring as stripe feldspar inclusions along the growth zones in porphyritic quartz may be resulted in trapping from early hydrothermal fluids which were rich in Na and K during porphyritic quartz initially grew. On the other hand, porphyritic granite intrudes into the monzonite of the alkaline rock along the NEE-SWW shear zone. Gold mineralization is intensive within the shear zone of the porphyritic granite intrusion, and Au reserves are estimated to be more than one tonnage. Silicification and potassiumization are relatively developed in the shear zone. The main element (Table 4 ) reveals that the porphyritic granite has a higher siliceous composition than the surrounding monzonite. These characteristics above suggest that the porphyritic quartz and gold mineralization in the porphyritic granite might be products of a late fluid metasomatism after emplacement of the porphyritic granite into NEE-SWW shear zone.
The porphyritic quartz may be originated from residual Si-rich magma. However, we did not see melt inclusions in porphyritic quartz as yet, indicating that the presence of residual magma could not be possible within the porphyritic granite. The homogenization temperatures of isolated liquid-vapor or vapor-liquid inclusions in porphyritic quartz of mineralizing porphyritic granite are higher than that of inclusions in gold-rich ores, which represents two hydrothermal stages [38] . Xu et al. [19] suggests that isolated liquid-vapor or vapor-liquid inclusions in the porphyritic quartz, might represent the initial fluids that later yielded gold-forming fluids. So, the tiny albite and K-feldspar along the growth belt of porphyritic quartz, might be the initial component of gold-forming fluids.
As for the source of hydrothermal fluid, in combination with age data, it might be associated with volcanic activity during the Late Jurassic−Early Cretaceous period or the evolution of small intrusions, dikes, and hidden rock masses around the ore body during the Yanshanian period. These volcanic activities could provide heat sources and power, also produced later magmatic hydrothermal fluids, which extracted and activated part of the gold from the Shuiquangou alkaline complex. This is an important factor for the enrichment of gold in porphyritic granites, which resulted in precipitation of gold under suitable physical and rock conditions.
It can be seen from the above that the porphyritic granite and gold mineralization in the porphyritic granite might be products of a late fluid metasomatism and are controlled by the shear zone. Therefore, the porphyritic granite and NEE-SWW shear structure can be used as two prospecting indicators for gold.
Conclusions
A total of 30 analyses of zircon grains from porphyritic granite sample D35 yielded two groups of concordant ages at 142.0 ± 1.2 Ma (MSWD = 1.5) and 373.0 ± 3.5 Ma (MSWD = 1.5), which might represent the age of residual magma of Shuiquangou alkaline complex and metallogenetic ages of porphyritic granite respectively. Porphyritic quartz in the porphyritic granites might be related to the alteration and metasomatism of Si-rich hydrothermal fluids after emplacement of the porphyritic granite into NEE-SWW shear zone. The porphyritic quartz and gold mineralization might be products of a late fluid metasomatism. The isolated liquid-vapor or vapor-liquid inclusions and tiny albite or K-feldspar along the growth belt of porphyritic quartz, might represent the initial fluids that were rich in Na/K and later yielded gold-forming fluids.
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